We study the Large Hadron Collider (LHC) discovery potential for Z ' models with continuously distributed mass for √ s = 7, 10 and 14 T eV centre-of-mass energies. One of possible LHC signatures for such models is the existence of broad resonance structure in Drell-Yan reaction pp → Z
The search for new vector Z ' bosons [1] is one of the most important goals of the Large Hadron Collider (LHC). The LHC Z ' boson discovery potential at CMS and ATLAS detectors has been studied for narrow Z ' resonances in refs. [2, 3] . The Z ' models with broad resonance structure naturally arise in the context of Z ' models with continuously distributed masses [4, 5] . Note that recent notion of unparticle introduced by Georgi [6] (unparticle phenomenology is discussed in refs. [7] ) can be interpreted as a particular case of a field with continuously distributed mass [4, 5, 8, 9, 10, 11] . Also scenario with large invisible decay width can be realized if Z ' boson couples to neutral leptons and decays mainly into heavy neutral leptons.
In this paper we present the LHC discovery potential for the Z ' models with continuously distributed mass for √ s = 7, 10 and 14 T eV centre-of-mass energies.
1
Consider the Stueckelberg Lagrangian [13]
where F µν,k = ∂ µ A ν,k − ∂ ν A µ,k . The Lagrangian (1) is invariant under gauge transforma-
and it describes N free massive vector fields with masses m k . For the field B µ = N k=1 c k A µ,k the propagator in transverse gauge is
In the limit N → ∞
where
1 In recent papers [12] the LHC Z ' boson discovery potential was studied for energies √ s = 7, 10 and 14 T eV .
The fields with continuously distributed masses arise naturally in d-dimensional field theories [4] . Consider the 5 -dimensional extension of the Stueckelberg Lagrangian (1), namely:
The Lagrangian (7) is invariant under gauge transformations
Note that the Lagrangian (7) for arbitrary function f (−∂ 2 4 ) is invariant only under fourdimensional Poincare group. For the Lagrangian (7) the propagator for the vector field
where p 2 ≡ p µ p µ . The propagator for the four-dimensional vector field A µ (x, x 4 = 0) in transverse gauge has the form
Consider the interaction of the five-dimensional field A µ (x, x 4 ) with the four-dimensional fermion field ψ(x) in the form
In our model vector field A µ (x, x 4 ) lives in five-dimensional space-time whereas other matter fields (quarks, leptons ..) live in standard five-dimensional field. 2 The Feynman rules for the model (13) coincide with standard Feynman rules for QED except the replacement of photon propagator 1
Note that considered model as the uncompactified ADD model is unitary only in 5-dimensional space-time since vector fields A µ (x, x 4 ) propagates in 5-dimensional spacetime.
As an example we consider the spectral density ρ(t) of the Breit-Wigner type. The following approximate relation takes place:
As it follows from the equalities (15,16) we can consider vector particle with continuously distributed mass as a particle with some internal decay width Γ into additional dimension.
3
In most standard Z ' models [1] the total decay width Γ tot is rather narrow. Typically
It should be noted that the interaction of Z ' boson with additional neutral fermions increases invisible Z ' decay width and can lead to large total decay width of the Z ' boson. One can introduce the interaction of the field B µ with quark and lepton fields in a standard way as
The Feynman rules for this model coincide with Feynman rules for standard Z ' model except the replacement of the standard vector Z ' boson propagator
This generalization preserves the renormalizability for finite
In this paper we consider three Z ′ models. In model A the Z ' boson interaction with quarks and leptons is the same as for standard Z boson. In model B the interaction of Z ' boson with quark and lepton fields is determined by the current
with coupling constant g B−L = 0.9.
For standard Z ' boson the matrix element of the Drell-Yan reaction at quark-parton
where Γ tot is total decay width of the Z ' boson. For our model with free vector propagator (7, 8 ) the matrix element is proportional to
The difference between our model and standard case consists in the replacement Γ tot → Γ tot + Γ. It means that our model is equivalent to standard Z ' model with additional invisible decay width Γ. This fact allows to use standard simulation code PYTHIA [17] .
To make the invisible Z ' resonance decay width Γ at the PYTHIA level we modified the Z ' boson interaction with the first flavor of neutrino, namely we made the replacement
where u is some parameter. The parameter u = 0 corresponds to the case of standard interaction and the invisible decay width into right-handed neutrino is proportional to |u| 2 and for large u invisible decay width dominates. In other words, we introduced additional interaction of the Z ' boson with right-handed neutrino that allows to make the Z ' boson rather wide. 6 The values of total decay width Γ tot for some parameters u for models A, B and C are given in Table 1 .
The reaction we are interested in is di-lepton production
Here l = e, µ. The main background is the Drell-Yan production P P → γ 
For di-lepton invariant mass M ll we apply cut
This cut differs from standard cut
6 For large parameter u the coupling constant g νR u of the interaction Z ' boson with right-handed neutrino is large that leads to the existence of Landau pole singularity for the effective charge at TeV energies and hence to the breakdown of unitarity at least within perturbation theory. However in the Z ' models with continuously distributed mass we don't have these problems. We introduce the artificial interaction with right-handed neutrino in order to obtain the large Z ' invisible decay width at the PYTHIA level.
often used for the estimation of the LHC Z ' boson discovery potential for standard case of narrow Z ' boson. The reason is that the Drell-Yan cross section is sharply decreasing function on M ll and for wide Z ' boson the Drell-Yan background dominates in mass region
In our calculations we use PYTHIA 6.3 code [17] with STEQ6L
[18] parton distribution functions evaluated at the scale
We did not take into account K-factors. An account of K-factor which is similar for both background and signal leads to the increase of significance. Also we don't take into account detector effects like effectiveness of electron or muon registration but at the CMS and ATLAS detectors the effectiveness of lepton registration is typically greater than 80 percent [2, 3] The first two years LHC will work with center-of-mass energy √ s = 7 T eV and with total integrated luminosity L tot = O(1) f b −1 . Finally the energy will be increased up to √ s = 14 T eV . In our estimates we use total integrated luminosity L tot = 1 f b −1 for energies √ s = 7 T eV, 10 T eV and L tot = 100 f b −1 for the LHC energy √ s = 14 T eV .
For models A, B and C we studied the Z ' bosons with total decay widths shown in Table   1 . Our results are summarized in Tables 2-10 . Table 1 . The ratio
for models A,B,C and parameters u = 0, 3, 5, 10, 15, 20.
u-parameter (17) 166 (23) As we can see from Tables 2-10 the LHC discovery potential depends rather strongly on the total decay width and it decreases with the increase of the total decay width. The reason is trivial and it is due to the dilution factor k = Γtot(u=o) Γtot(u=0)+Γ inv (u) . Besides the LHC discovery perspectives are the best for the model B and the worst for the model C. The reason is that the number of signal events is proportional to σBr and it is maximal for model B and minimal for model C (in model C the coupling constant of the Z ' interaction with quarks is small in comparison with models A and B).
Note that direct Tevatron experimental bound on the mass of Z ' boson depends on the Z ' model and for Z ' boson with standard couplings M Z ' > 923 GeV [20] . The existing experimental bounds on Stueckelberg Z ' bosons were studied in ref. [21] . The very narrow Stueckelberg Z ' boson can be discovered at Tevatron up to a mass about 600 GeV with a total integrated luminosity of 8f b −1 [21] . 7 For considered Z ' models with large invisible decay width the Tevaton bound will be more weak for wide Z ' bosons.
To conclude in this paper we studied the LHC discovery potential for Z ′ models with continuously distributed mass. One of the possible LHC signatures for such models is the existence of broad resonance structure in Drell-Yan reaction
. We made our estimates at the parton level and did not take into account detector level I am indebted to A.N.Toropin for useful discussions. This work was supported by the Grants RFBR 08-02-91007-CERN and 10-02-00468.
7 LHC discovery perspectives for Stueckelberg Z ' bosons were studied in ref. [22] .
